Introduction
were easily scraped off with a scalpel, minced with scissors, and washed Curcumin (diferuloylmethane; Figure 1 ), the major yellow twice with phosphate-buffered saline. The epidermal cells were lysed, and A.S.A.P. DNA isolation kits were used to isolated the DNA according to the pigment of turmeric, is obtained from the powdered rhizome protocol provided by the vendor. Incubation of the epidermis from two mice of the plant Curcuma longa Linn, and it is commonly used as with proteinase K at 55°C for 4 h and with RNase A at 37°C for 0.5 h, a coloring agent in foods, drugs, and cosmetics (1) (2) (3) (4) (5) . Although followed by chromatography on the DNA isolation columns, yielded 200 to the dried powdered rhizome of Curcuma longa Linn has been 500 µg of DNA. The isolated DNA was washed twice with 70% ethanol and used for centuries for the treatment of inflammatory diseases gently dried under a stream of nitrogen. The DNA pellet was dissolved in 400 µl of 10 mM Tris-HCl (pH 7.0), and a 20-fold diluted sample was used (1, 2) , its mode of action is unknown. Curcumin, is a potent to determine the DNA concentration and the A 260 /A 280 ratio, which was inhibitor of cyclooxygenase and lipoxygenase activity (6-8),
normally within the range of 1.7-1.9. DNA was quantitated based on: 1.0 and curcumin and/or turmeric have been reported to possess A 260 equals 50 µg of double-stranded DNA per ml.
high antioxidant and anti-inflammatory activity (9-14). The
Enzymatic digestion of DNA chemical, biological, and pharmacological properties of curcu-DNA (100 µg) dissolved in 200 µl of 10 mM Tris-HCl/100 mM NaCl min and turmeric have been reviewed elsewhere (5, (14) (15) (16) .
(pH 7.0) buffer was sheared by passing through different gauge (sizes [18] [19] [20] [21] [22] [23] [24] [25] Recently, we showed that topical application of curcumin needles. One hundred units of DNase I in 40 µl 10 mM Tris-HCl and 10 µl 0.5 M MgCl 2 (final concentration, 20 mM) were added, and the mixture was incubated at 37°C for 1 h. After lowering the pH with 15 µl of 0.5 M sodium *Abbreviations: HMdU, 5-hydroxymethyl-2Ј-deoxyuridine; NNK, 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone; CAPE, caffeic acid phenethyl acetate (pH 5.1), 10 µl of nuclease P1 (5 units) and 30 µl of 10 mM ZnSO 4 (final concentration, 1 mM) were added to the mixtures and incubated for ester; HIV-1, type 1 human immunodeficiency virus; TPA, 12-Otetradecanoylphorbol-13-acetate; DMBA, 7,12-dimethylbenz[a]anthracene. 1 h. Finally, the pH was readjusted with 100 µl of 0.4 M Tris-HCl (pH 7.8), phosphate buffered saline. Hydrogen peroxide production in the cells was measured using 2Ј,7'-dichlorofluorescein diacetate (26) . This is a non-polar compound that readily diffuses into cells where it is hydrolyzed to the nonfluorescent polar derivative 2Ј,7'-dichlorofluorescein and is trapped within the cells. In the presence of intracellular hydrogen peroxide, it is oxidized to the fluorescent derivative 2Ј,7'-dichlorofluorescein that can be monitored by Fig. 1 . Structure of curcumin. flow cytometry. Cells (1ϫ10 4 ) were incubated at 37°C with 5 µM 2Ј,7'-dichlorofluorescein diacetate (26, 27 ) for 30 min. Cellular fluorescence was then measured using a Coulter EPECS Profile analytical flow cytometer. For and 20 µl of alkaline phosphatase (3 units) were added to the mixtures and each analysis, 10 000 events were accumulated. In some experiments, cells incubated for 0.5 h. DNA digestion was terminated by adding 5 ml of acetone, were also incubated with 1000 units of catalase to inhibit hydrogen-peroxide and the samples were kept at -20°C for 0.5 h. After centrifugation (Beckman specific oxidative formation of 2Ј,7'-dichlorofluorescein (26) . In these studies, G2-12 centrifuge with a JA-17 rotor; 10 000 rpm) for 20 min, the supernatant catalase caused a 95% inhibition in epidermal cell-mediated oxidative formawas dried under reduced pressure. The DNA hydrolysate was dissolved in tion of 2Ј,7'-dichlorofluorescein. 250 µl HPLC-grade water, filtered through a 0.2-µm syringe filter (Acrodisc Statistical analysis LC13 PVDF; Gelman), and chromatographed on an HPLC octadecylsilane The Student's t-test was used for all statistical analyses. column under previously described elution conditions (21 cold normal saline solution (3 ml, 4°C), the cells were centrifuged at 4°C, and the supernatants were discarded. Cells were resuspended in cold water Inhibitory effect of curcumin on TPA-induced formation of (1.5 ml), and cold 10% trichloroacetic acid (1.5 ml) was added. The precipitates HMdU in epidermal DNA from mice previously initiated were filtered through a Whatman GF/A glass microfibre filter paper and with DMBA washed three times with cold 5% trichloroacetic acid solution (5 ml). Radioactivity in the precipitate was quantified with a Beckman LS 1701
In Experiment 1, we evaluated the effect of curcumin on TPA- (Table II) .
Epidermal cells from the dorsal surface of CD-1 mice were isolated and Treatment of DMBA-initiated mice with 1, 10, 100, or 3000 assayed for hydrogen peroxide formation as previously described (25) . Briefly, nmol of curcumin together with TPA twice a week for 20 12 h after topical application of acetone, TPA (5 nmol) in acetone or TPA weeks decreased the mean level of HMdU in DNA by 62-(5 nmol) with curcumin (3000 nmol) in acetone, the mice were killed, the 77%, but a dose-response was not observed (Table III) . Each skin removed and floated, epidermis side down, in a 2.5% trypsin solution at 37°C for 45 min. The epidermis was then scraped off and washed with of the four doses of curcumin administered together with TPA to DMBA-initiated mice decreased the mean level of HMdU Inhibitory effect of curcumin on TPA-induced production of hydrogen peroxide in mouse epidermis in DNA to levels that were below that found in animals initiated with DMBA but not promoted with TPA (Table II) .
Previous studies have shown that TPA is a potent inducer of Although the results suggest a strong inhibitory effect of all epidermal hydrogen peroxide formation (25, 28, 29) . The effect dose levels of curcumin on TPA-induced formation of HMdU of topical application of curcumin on TPA-induced hydrogen in epidermal DNA, the statistical significance of these data peroxide formation in the epidermis was investigated by flow cytometry at 12 h after treatment with acetone, TPA in acetone, only ranged from P Ͻ0.10 to P Ͻ0.20 (Table II) . 20,550 cpm/h/3ϫ10 5 cells, respectively. This amount of radioactivity was at least 10-fold higher than was present in zero-time control samples that were not incubated.
peroxide in epidermal cells at 12 h after TPA treatment ( Figure  3 , middle panel). Topical application of 3 µmol curcumin with 5 nmol TPA markedly inhibited the TPA-induced production of hydrogen peroxide in epidermal cells (Figure 3 , lower panel). The increased production of hydrogen peroxide by epidermal cells from TPA-treated mouse skin was inhibited by catalase (25) . The results indicate that curcumin is a potent inhibitor of DNA and RNA synthesis, but this compound has little or no effect on protein synthesis (Figure 4 ).
Inhibitory effect of curcumin on the biosynthesis of DNA, RNA and protein in HeLa cells

Discussion
In an earlier study, we showed an inhibitory effect of curcumin on TPA-induced tumor promotion on mouse skin (17) . In the present study, we have shown an inhibitory effect of topical 5 nmol of TPA twice a week for 20 weeks to DMBA-initiated mice inhibited TPA-induced tumor promotion. In the present study, we found that topical application of a 50-fold lower or TPA with curcumin in acetone. We found that Ͼ99% of the epidermal cells from acetone-treated mice produced dose of curcumin (20 nmol) together with 5 nmol of TPA twice a week for 20 weeks to DMBA-initiated mice also relatively low basal levels of hydrogen peroxide (Figure 3 The results of the present study indicate that curcumin is to curcumin that also inhibit TPA-induced tumor promotion on mouse skin (41, 42) . an extraordinarily potent inhibitor of TPA-induced tumor promotion and that it is an even better inhibitor of TPAIt was of considerable interest that curcumin strongly inhibited the synthesis of DNA and RNA in cultured HeLa cells, induced formation of HMdU in epidermal DNA. In experiment 1, topical application of 5 nmol TPA twice a week for 20 but there was little or no effect on protein synthesis ( Figure  4 ). Earlier studies in our laboratory showed that topical weeks to DMBA-initiated mice resulted in 12.6 HMdU residues per 10 4 normal bases. The mean values for the formation of application of curcumin to mouse skin inhibited TPA-induced epidermal DNA synthesis (17) . In other studies, it was found HMdU bases in DNA was inhibited markedly (62-77%) when 1, 10, 100, or 3000 nmol of curcumin was applied topically that curcumin inhibited type 1 human immunodeficiency virus (HIV-1) long terminal repeat-mediated gene expression and together with each application of TPA for 20 weeks (Table  II) . In contrast to these results, strong inhibition of tumor viral replication (43) . Additional studies revealed that oral administration of curcumin, as well as rutin or epicatechin, to promotion was observed only at the two highest dose levels of curcumin (Table 1 , Exp. 1) suggesting that the dosemice markedly inhibited lung metastasis by B16F10 melanoma cells in these animals (44) . It is possible that the strong response for curcumin's inhibitory effect on TPA-induced tumor promotion may be different from the dose-response for inhibitory effects of curcumin on DNA and RNA synthesis may play a role in its inhibitory effects on carcinogenesis and inhibition of TPA-induced HMdU formation in DNA. These results suggest that the inhibitory effect of curcumin on TPAon tumor growth. Recently, curcumin has been shown to inhibit DNA synthesis in several cancer cell lines (45). Inhibition of induced HMdU levels in epidermal DNA is either not necessary for inhibition of tumor promotion or that it is necessary but lipoxygenase by curcumin may play an important role for its inhibitory effect on DNA synthesis. It was observed that not sufficient. An important unanswered question is whether the inhibitory effect of curcumin on tumor promotion is related certain inhibitors of 5-lipoxygenase inhibit DNA synthesis in several cancer cell lines (46) (47) (48) , and conversely metabolites to its known inhibitory effect on arachidonic acid metabolism via the lipoxygenase and cyclooxygenase pathways (7) or to of 5-lipoxygenase such as 5-HETE, LTC 4 and LTD 4 are able to stimulate DNA synthesis (48) . Further studies are needed its antioxidant and free radical scavenging activity (9,10). Recent studies have indicated that topical application of to determine whether curcumin inhibits DNA synthesis and cellular proliferation by inhibiting the formation and/or action curcumin inhibits TPA-induced increases in mRNAs for c-fos, c-jun and c-myc (19, 30) and suggest that curcumin may inhibit of mitogenic metabolites of the lipoxygenase pathway of arachidonic acid metabolism. carcinogenesis by inhibiting the expression of protooncogenes. The expression of c-fos and c-jun is known to be rapidly induced under prooxidant and inflammatory conditions (31 
